Abstract: A semi-analytical method was proposed to analyze the dynamics characteristics of a cavity treated with passive constrained layer damping (PCLD). Based on the laminated theory， the dynamics equations of a PCLD beam was derived firstly. Then the transfer matrix between beams was developed according to the displacement continuity conditions and equilibrium equations of the junction. Combing the state equations of the beams, the transfer matrix between beams, and the boundary conditions, the dynamic model of a PCLD cavity was established in this paper. The comparisons with the results of FEM and document have certificated the correction of the present model. The numerical calculations show that the PCLD treatment can damp the vibration well, especially in the higher frequency, and the damping effect increases with the increasing of the thickness of the viscoelastic, but it may be decrease when the thickness of the constrained increases.
Introduction
In the aerospace, transportation and other engineering fields, many structures exist elastic cavity, such as the aircraft cabin, car cars, etc. These structures can be simplified to a closed cavity with a certain shape. Under the action of external and sound source, the elastic cavity structure will vibration and cause a lot of internal noise in its internal space, which will not only reduce the ride comfort, but also affect the normal work of the internal equipment, as well as the life and safety of the structure. Therefore, the cavity vibration characteristic is one of the important indicators in thin-walled cavity structure design, it is also the basis for the further cavity acoustic properties analysis [1] . Passive Constrained Layer Damping (PCLD) has gradually replaced the free damping, which is widely used in structural vibration and noise reduction [2] . At present, the analysis of PCLD structure usually adopts finite element method [3] . However, due to the existence of meshing, the calculation accuracy and efficiency of the finite element method will decrease with the increase of frequency. In this paper, the kinetic model of the PCLD cavity was established by using the dynamic equation of PCLD beam, the displacement continuity condition and mechanical equilibrium equation at junction point. The accuracy of the model and the calculation method is proved by comparing with the literature value and the finite element results. By using this method, the dynamic response of the cavity structure was calculated and the influence of structural parameters on the vibration characteristics and damping characteristics of the cavity structure was also analyzed.
is the state vector, ( )
are the amplitudes of the axial force, shear force and the moment of bending; A is the cross-sectional area of the beam, and E is the Young's modulus of the material.
According to the displacement continuity condition of the interlayer, the shear stress X of the neutral layer of the viscoelastic layer can be expressed by the displacement of the base beam and the confinement layer by the first-order shear deformation theory and Hooke's law, replace it with (2), and combined with (1) ~ (4 ), The derivative control equation of PCLD beam can be deduced.
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vector. Nonzero elements in the B matrix are： ( )
.In the elements , constant 1 3 e e e = + ， 1 3 , e e which are the eccentricity of the neutral layer of the viscoelastic layer to the base layer and the neutral layer of the confinement layer, respectively; the constant
G Indicates the thickness of the viscoelastic layer; the frequency factor
Dynamic Model of PCLD Cavity
Laying PCLD cavity can be regarded as a number of flexible beam and PCLD beam connected, as shown in Figure 1 (5) are obtained by homogeneous expansion and precise integration method [5] .The relationship between the starting point of the beam and the end state vector 
is the force vector acting on the connection point. The nonzero elements in the coefficient matrix 1 T are: Example 2 In order to verify the correctness of modeling method of the cavity structure, considering a flexible cavity, the size and shape are the same as Fig.1 , and each beam is a single-layer elastic beam with a height h=0.008m，width b=0.005m, elastic modulus E=206GPa, density ρ=7800kg/m 3 .Using finite element method to calculate the natural frequency of the cavity. The results are compared with the present method and shown in Fig.2. Fig. 3 is the second-order vibration diagram calculated by the finite element software. It can be seen from the figure that the present results are very close to those of the finite element method, and the calculated error is less than 5%. It can be seen from the figure that the displacement of the cavity is reduced with PCLD treatment, which proves that PCLD treatment is of better damping effect. Because the PCLD treatment is covered in the back of the cavity, the damping effect is more obvious at the rear of the beam. Therefore, the position of the PCLD structure should be optimized according to the design requirements of the cavity.
Setting the thickness of the CL , and changing the thickness of the VEM, we calculate and compare the dimensionless displacement w of the point from the origin. As shown in Fig5. Setting the thickness of the VEM 2 0.002m h = , and changing the thickness of the CL, the comparison of the frequency response curves is shown in Fig.6 . In the figures, the frequency response function is defined as 10 FRF log w = .
It can be seen from the figure that, compared to the cavity base structure ( 2 0 h = or 3 0 h = ), the natural frequency of the structure increases in the case of PCLD treatment, while the vibration amplitude decreases. At the low frequencies, the effect of PCLD treatment is very small. As the frequency increases, the damping effect of PCLD treatment increases gradually. It can be seen from Fig.5 that, the vibration reduction at the peak is also enhanced with the increasing of the VEM thickness. As shown from Fig. 6 , at the first peak, the response value is the smallest in the case 3 0.004m h = . However, at the second and third peaks, the response in the case 3 0.004m
is greater than that of in the case 3 0.002m h = . It can be seen that increasing the thickness of the CL does not necessarily provide a better damping effect, and the size of the PCLD structure needs to be further optimized. 2 3 0.002m 
Conclusions
Based on the dynamic control equations of PCLD beams in the frequency domain, the dynamic model of PCLD beams is established by using the continuity condition and boundary condition at the connection point. Then, a semi-analytical method is proposed to analyze the dynamic characteristics of PCLD cavity by combining the homogeneous expansion precise integration method. The frequency response of the cavity under harmonic excitation is calculated and the influence of structural parameters on vibration and damping characteristics of PCLD cavity is analyzed. The numerical calculations show that the PCLD treatment has a good damping effect in the higher frequency range, and the parameters such as position and thickness have a great influence on the dynamic characteristics of the structure. It is expected that the optimization of the structural parameters can achieve better vibration effect. Comparison with the document and the finite element method results prove that the present method has high precision. Due to the analytic model and high accuracy numerical method, the calculation accuracy and stability can be ensured in the higher frequency range, which can make up the deficiency of finite element method in high frequency range analysis Therefore, the present method can provide a new idea and method for the qualitative vibration analysis and structural optimization of the PCLD cavity.
